Abstract. Administering items or subscales separately from the measure for which they were designed to be a part may have unintended consequences for research and practice in Parkinson's disease (PD). The current study tested the equivalence of the bradykinesia subscale when administered alone versus as a component of the full 14-item Unified Parkinson's Disease Rating Scale (UPDRS) motor examination, as well as examined the reliability and validity of the bradykinesia subscale. The study sample consisted of 112 patients with PD. Patients were randomly assigned to either the bradykinesia subscale alone group (n = 56), who were administered the bradykinesia subscale separately from the rest of the UPDRS motor examination, or the full scale group (n = 56), who were administered the UPDRS motor examination in its standard format. The two one-sided t-test (TOST) procedure was used to test for mean equivalency between the two administration groups. Additionally, reliability and validity analyses were performed. The bradykinesia subscale mean scores from the full scale group and the subscale alone group were not statistically equivalent. However, in both groups, the bradykinesia subscale had exceptional reliability and was strongly and similarly related to age, activities of daily living, disability, and other assessments of motor symptom severity. The bradykinesia subscale is a valid and reliable assessment when administered separately from the rest of the UPDRS motor examination; however, caution should be taken when comparing mean scores across studies or occasions when different administrations are used.
for people over 60 years of age [1, 2] . The incidence of PD increases sharply after the age of 60 years [3] [4] [5] .
Though PD patients routinely experience both motor and nonmotor symptoms [6] , it is the motor symptoms that classically define PD. These include bradykinesia (slowness of movement), rigidity, tremor of resting muscles, postural instability or impaired balance, and gait disturbances [4, 5] . Recent research suggests that bradykinesia may be related to many important outcomes such as poorer performance on activities of daily living (ADL), as well as lower health-related quality of life, even after controlling for other motor symptoms (axial impairment), mood, and comorbidity [7] . In two different comprehensive reviews, higher bradykinesia scores were prognostic of subsequent functional disability [8, 9] . In fact, greater bradykinesia scores have been associated with more severe symptoms of depression, specifically, difficulty sleeping and suicidal thoughts [10] . Given the significant association between bradykinesia and important health outcomes, frequent assessment of bradykinesia by researchers and clinicians is important in understanding healthrelated quality of life, well-being, and the progression of disability in patients with PD.
The Unified Parkinson's Disease Rating Scale (UPDRS) version 3.0 motor examination is a widely used assessments of motor impairment severity for PD patients [11] . The administration of the full UPDRS motor examination can be time intensive and requires extensive training to ensure inter-rater reliability, particularly when used in multi-center studies [12] . However, relative to the other items, the five items comprising the bradykinesia subscale of the UPDRS motor examination may be easier to score since they are based on patient movements that are already performed as part of a clinical assessment. Consequently, clinicians can assess a patient's bradykinesia severity during a routine examination by using just the bradykinesia subscale items. Moreover, depending on the goals and breadth of a study, researchers may elect to only include the bradykinesia items [13] . This practical assessment would allow clinicians and researchers to closely monitor and quickly track the progression of bradykinesia severity.
To date, research has not examined the reliability or validity of the bradykinesia subscale when it is administered separately from the rest of the UPRDS motor examination. The bradykinesia items are embedded within the UPDRS motor examination and are administered after items assessing speech, facial expression, tremor, rigidity, posture, and gait. Consequently, bradykinesia scores may be impacted when the subscale is administered alone. This impact may be explained by question-order effects which refer to differences in item responses due to changes in assessment format [14] . The consequences of administering items or subscales separately from the measure of which they were designed to be a part have generally been overlooked by clinical research in PD.
The current study examined the UPDRS bradykinesia subscale in two groups of patients: those who were administered the subscale separately from the rest of the UPDRS motor examination and those who were administered the subscale as part of the 14-item UPDRS motor examination. Three specific aims were examined. The first aim was to determine if the means of the bradykinesia subscale were statistically equivalent between the two administration groups. The second aim was to determine if the bradykinesia subscale had similar reliabilities in both administration groups. The final aim was to examine the construct validity of the bradykinesia subscale by examining the correlations between the subscale and related constructs within each of the administration groups.
MATERIALS AND METHODS

Subjects
The study sample consisted of 112 PD patients with bradykinesia and at least one additional cardinal sign (i.e., resting tremor, rigidity) at the time of assessment, recruited from two centers in the US. The sample included male and female patients who were at least 30 years of age, had a diagnosis of idiopathic PD, were in the ON state (only for fluctuating patients), and had not received an experimental drug within the last 30 days. Patients that met eligibility criteria were stratified by center and previous Hoehn and Yahr stage [15] , determined from patient charts and assessed between 3 and 180 days prior to study visit, into one of two predefined PD severity classifications: mild (stage 2.0 or less) or moderate/severe (greater than stage 2.0). Following stratification, patients were randomly assigned to one of two administration groups and were tested during a single clinic visit. No drugs were supplied or administered as part of this study. In the bradykinesia subscale alone group (n = 56), the bradykinesia subscale was completed separately from the remaining items of the UPDRS motor examination. In the full scale group (n = 56), the bradykinesia subscale was administered as part of the standard administration of the UPDRS motor examination. The study was approved by a central Institutional Review Board (Schulman Associates IRB, Inc.), and all patients provided informed consent prior to their participation.
Assessments
For each patient, information regarding age, gender, ethnicity, and PD duration (based on date of diagnosis) was collected. The bradykinesia subscale of the UPDRS motor examination consisted of the following five items: finger taps (left and right), hand movement (left and right), rapid alternate movements of hands (right and left), leg agility (right and left), and body bradykinesia and hypokinesia. Each sub-item was scored from 0 to 4 (half points were allowed), where higher scores signified greater severity. The range of possible scores on the bradykinesia subscale was between 0 and 36. At each center, the ratings were performed by a single investigator who had completed certification training and who was required to review a UPDRS teaching tape prior to the start of the study [16] .
Other outcomes included patients' current Hoehn and Yahr stage (half stages were allowed for stages 1 and 2), where higher stages represented greater progression of symptoms. The Schwab and England scale [17] was included to provide both a patient and clinician assessment of the patient's ability to perform activities of daily living (ADL). Patient-and clinicianreported ADL were scored in 5% increments on a 0 to 100% scale, where higher scores represented increased perceived competency with these activities. Finally, the first eight items of the Short Parkinson's Evaluation Scale/Scales for Outcomes in Parkinson's Disease (SPES/SCOPA) motor evaluation [18] was used to provide an alternative, shorter clinical assessment of motor impairment. The SPES/SCOPA was scored on a 4-point scale, where higher scores represented greater impairment; the total score could range from 0 to 42. The SPES/SCOPA bradykinesia item, rapid alternating movements of hands (right and left), was used to represent another specific assessment of bradykinesia; the subscale score could range from 0 to 6.
Statistical analysis
To insure randomization was successful, independent samples t-tests were employed to examine mean differences between the two groups; chi-square tests were used to examine categorical differences. The Mann-Whitney test was used to examine differences in current Hoehn and Yahr stage.
To test for equivalency of the bradykinesia subscale administered alone as opposed to administered within the full scale, the two one-sided t-test (TOST) procedure was used [19] . The TOST procedure is one of the most common statistical approaches for establishing equivalence. As outlined by Lauzon and Caffo [20] , the TOST procedure first includes the a priori specification of the maximum expected lower and upper bound mean difference between the two groups. Next, using a 90% confidence interval [16] around the difference between the two means and an alpha level of 0.05, separate one-sided t-tests evaluated the null hypothesis that the difference between the means is either lower than the expected lower bound difference or greater than the upper bound difference. That is, the null hypothesis states that the groups differ by more than the specified amount, while the alternative hypothesis states that the groups do not differ by more than the specific amount. Consequently, failing to reject the null hypothesis (e.g., at least one nonsignificant t-test) indicates that the means of the two groups are not statistically equivalent, while rejecting the null hypothesis (e.g., both t-tests are significant) indicates the means are equivalent. It is important to note that the more familiar independent sample t-test determines if two means are significantly different from one another, while the TOST procedure tests whether or not two means are statistically the same. Therefore, two means may not be significantly different from one another, while at the same time not be statistically equivalent. For the current study, the expected maximum difference between the two groups was specified to be half a standard deviation, which would reflect a medium effect size.
Chronbach alpha was used to assess the internal reliability of the bradykinesia subscale within each of the groups. Pearson and Spearman correlation coefficients between the bradykinesia subscale and the demographic/outcome variables were estimated separately within each group to assess construct validity. Fisher's z-test [21] was used to determine whether these correlations significantly differed between the two groups.
RESULTS
The sample was predominately Caucasian and consisted of approximately 60% males. Half of the patients (51%) had a previous Hoehn and Yahr stage of 2.0 or less ( Table 1 ). The sample consisted of 79% of the patients being between 65 and 90 years old, with the remaining 21% ranging in age from 40 to 64. No statistically significant differences for the baseline variables were found between administration groups, providing evidence that the assumptions of random assignment were met.
Based on the independent sample t-test, the two administration groups did not significantly differ on the bradykinesia subscale (p = 0.08; Table 1 ). However, based on the TOST procedure, the difference between the two groups on the bradykinesia subscale was 2.13 (95% CI = 0.12, 4.13), with a maximum expected difference of −3.23 (lower bound) and 3.23 (upper bound). The lower bound t-test was significant (t(110) = 4.43, p < 0.05) with the lower bound CI (0.12) falling well within the range of the maximum expected difference. However, the t-test for the upper bound was nonsignificant (t(110) = −0.91, p > 0.05), suggesting that the upper bound confidence interval (4.13) for the difference between the group means was beyond the range of the maximum expected difference (3.23). These results from the TOST procedure suggest that means for the bradykinesia subscale were not statistically equivalent between the subscale alone and full scale groups. However as can be seen in Figure 1 , the distribution of the bradykinesia subscale was similar for the two administration groups. KolmogrovSmirnov tests indicated that the distribution in the subscale alone (z = 0.61, p > 0.05) and the full scale (z = 1.19, p > 0.05) groups were not statistically different from normal.
Evidence of strong reliability was found for the bradykinesia subscale in both the subscale alone (␣ = 0.93) and full scale (␣ = 0.94) groups. Table 2 contains the correlations between the UPDRS bradykinesia subscale and relevant demographics as well as each of the construct validity outcomes for both the subscale alone and full scale groups. Across the two groups, the bradykinesia subscale score was significantly related to each of these variables in the expected direction, with the exception of time since PD diagnosis, where it was only significant in the full scale group. Specifically, higher scores on the UPDRS bradykinesia subscale were related to greater chronological age, worse ADL competency, increased disability, and more severe motor symptoms. These correlations did not significantly differ between the two administration groups as evidenced by the nonsignificant z-tests for each pair of correlations (Table 2) .
DISCUSSION
Clinical research on PD has largely ignored the issue of question-order effects, where scores on items or subscales do not behave the same when the method or order of scale administration is changed. Consequently, the current study was designed to determine whether the UPDRS bradykinesia subscale behaved similarly when administered separately to one group of PD patients relative to a group of patients who received the UPDRS motor examination in its original order.
Results from the TOST equivalency test revealed that the means of the two groups on the bradykinesia subscale were not statistically equivalent. That is, the bradykinesia subscale was not statistically the same when it was administered apart from the rest of the UPDRS motor examination. However, it is important to note that while not statistically the same, the means of the two administration groups were also not statistically different from one another. These findings may seem at odds, but failing to reject the null hypothesis for traditional hypothesis testing merely indicates that the means are not different; it does not in any way suggest that they are the same. In the current study, the means of the two groups on the bradykinesia subscale were not the same, and they were not different from one another.
Though not statistically different, the mean bradykinesia score from the subscale alone group was higher than the full scale group. One possibility for this finding could be the presence of context effects, which is a type of question-order effect where the scores/answers on items change as a function of preceding items [22] [23] [24] . When the full UPDRS motor examination is administered, the scoring of the bradykinesia items may be influenced by the five preceding questions including rigidity and tremor. These early items might provide a context of symptom evaluation where the clinician is differentially primed for evaluating symptoms. In turn, this priming impacts the administration and scoring of the bradykinesia items. Alternatively, these early items could be used as points of reference when completing the bradykinesia items and the lower scores could be partially the product of comparative judgments. A similar finding was reported by Bowling and Windsor [25] who found that self-rated health status was worse when asked before rather than after a set of healthrelated questions. In the current study, bradykinesia was rated as more severe if the bradykinesia items were administered without questions assessing other symptoms.
Results indicated that the internal consistency of the bradykinesia subscale was extremely high regardless of administration approach. Moreover, there was strong support for the construct validity of the bradykinesia subscale when it was administered separately from the rest of the UPDRS motor examination. Specifically, it was significantly correlated with age as well as clinical measures assessing functional disability, motor symptoms, and other bradykinesia symptoms. More importantly, these relationships were not statistically different across groups. This means that when the bradykinesia subscale was administered alone, its relationship with age and clinically meaningful variables was the same as when it was administered in the context of the UPDRS motor examination. The only exception was time since PD diagnosis, which, while not significant in the subscale alone group, was also not significantly different between the two groups. Consequently, clinicians and researchers can feel comfortable administering the bradykineisa subscale separately from the UPDRS motor examination without any loss of predictive validity. This is consistent with other research indicating that significant context effects often do not impact the ability of a measure to correlate with background characteristics or indices of other behaviors [24] .
The findings of the current study suggest that using the UPDRS bradykinesia subscale alone is acceptable. However, because the mean bradykinesia score from the subscale alone group was higher than the full scale group, clinicians and researchers should use caution when comparing mean scores between or within studies that used different administration approaches of the subscale. In other words, given the lack of equivalence found here, researchers and clinicians should not compare the mean of the bradykinesia subscale found in one study that administered the scale alone to that of a study that employed the standard administration. When examining change in bradykinesia severity, switching from the full UPDRS motor examination to the bradykinesia subscale alone may overestimate change in severity of symptoms, while an underestimation might occur from the opposite ordering. However, given the reliability and validity reported here, there should be no cause for concern if the bradykinesia subscale is used alone throughout the course of the study.
Researchers and clinicians wishing to administer just the UPDRS bradykinesia subscale can be assured that it is a reliable and valid assessment of bradykinesia symptom severity. This is particularly important given the influence of bradykinesia in accounting for individual differences in health-related quality of life and depression, as well as being predictive of future functional disability. In conclusion, these results have implications beyond the bradykinesia subscale of the UPDRS: it is important that PD researchers and clinicians are aware of order effects and how varying the administration of items or scales may impact the resulting data.
